ABSTRACT: Ten brands of spent portable rechargeable batteries used in mobile phones (lithium-ion and nickel metal hydride) were collected and disassembled and the battery electrode and printed wiring board prepared using the EPA Method 3050B. The metal concentrations were determined by atomic absorption spectrometry. The mean (± standard deviation) concentrations and range of cobalt, chromium, nickel and cadmium in the battery electrodes were 361284±32281mg/kg (range 20870-575330 mg/kg); 25.3 ± 4.6 mg/kg (7.9-149 mg/kg); 75272 ± 14630 mg/kg (3589-266607 mg/kg) and 2.8 ± 0.6 mg/kg (0.2-16.3 mg/kg), respectively. Similarly, the mean values of cobalt, chromium, nickel and cadmium in the PWB were 564 ± 165 mg/kg (56.1-4068 mg/kg); 28.1 ± 4.0 mg/kg (ND-97.2 mg/kg); 735 ± 188 mg/kg (22.7-2727 mg/kg) and 1.8 ± 0.3 mg/kg (ND-7.2 mg/kg), respectively. The Li-ion battery electrodes contained significantly higher levels of cobalt (p < 0.01) whereas, the NiMH battery contained significantly higher nickel (P < 0.01). All the results for the cobalt and nickel levels in the battery electrodes exceeded the toxicity threshold limit concentration used in the toxicity characterization of solid wastes (cobalt, 8000 mg/kg; nickel , 2000 mg/kg). In fact, the mean cobalt level of the battery electrode is about 45 times the toxicity threshold limit concentration limit for cobalt while the mean nickel result is about 38 times the toxicity threshold limit concentration. Spent portable rechargeable batteries should be handled as toxic materials that require special treatment. Implementation of a well-coordinated management strategy for spent batteries is urgently required to check the dissipation of large doses of toxic heavy metals and rare earth into the environment.
INTRODUCTION
The management of spent primary and secondary batteries has been an issue of environmental concern in developing countries especially considering the absence of basic waste collection and management infrastructure (Zabaniotou et al., 1999; Aktas et al., 2004; Nnorom and Osibanjo, 2006a; Abdel-Ghani et al., 2007; Daryabeigi Zand and Abduli, 2008; Rabah et al., 2008) . Batteries represent a large volume of toxic and hazardous materials in common use (Lankey and McMicheal, 1999) . Waste management in general has emerged as a major problem for urban cities (Aina et al., 2009) . Adopting inappropriate mean in the management of wastes could result in environmental pollution (Giri et al., 2007; Ogundiran and Afolabi, 2008) .
Batteries contain a wide variety of materials such as carbon, steel, plastic, heavy metals and salts (electrolytes). While materials such as carbon are not so aggressive to the environment and can quickly merge into the eco-system without noticeable impacts, others such as heavy metals pose threat to the ecosystem and man (Nnorom and Osibanjo, 2006b; Osibanjo et al., 2008) . The fate of spent rechargeable batteries is an important and timely issue, primarily because of the toxic and hazardous materials they contain. The consumption of portable rechargeable batteries in Nigeria has been phenomenal since the introduction of mobile telecommunication in the country in 2000. For instance, in 1999, about 179,295 kg of portable rechargeable batteries were imported into Nigeria. Consumption of portable rechargeable batteries has also increased with increase in subscription of mobile telecommunication from a mere 30,000 subscribers in 1999 to more than 40 million subscribers in 2007. As at April 2009, the teledensity in Nigeria was 47.98 with 67 million active lines and an installed capacity of 133million lines.
The NiMH and Li-ion batteries do not contain cadmium, which is highly toxic and are therefore considered environmentally acceptable. This and the better performance offered by these batteries led to the replacement of NiCd in many application by the NiMH and Li-ion batteries. These new types of battery make-up about 10-30 % portable sources of energy depending on the region (Gega and Walkowiak, 2001 ). In 2002, out of the total rechargeable batteries available in the market for use in mobile phones and communication devices 66 % is Li-based batteries while the rest used nickel-based batteries (Arora and Zhang, 2004) . The NiMH batteries are not only Cd-free, but also can store more energy than their NiCd of comparable size (Rydh and Svard, 2003) . However, NiMH batteries are not as environmental friendly as presented as they contain toxic materials such as Ni, a toxic and carcinogenic material (Lankey and McMicheal, 1999) . Also the Li-ion and NiMH batteries contain metals (such as La, Nd and Co) for which only a few have their toxicological or ecotoxicological data available. As a result, Rydh and Svard (2003) opined that the production and consumption of batteries containing these 'new' metals is associated with uncertainties regarding their environmental impact and could result in a change from one problematic metal to another. Meanwhile, the potential environmental impact of spent batteries depends on the disposal options adopted.
The use of portable rechargeable batteries represents a true 'source reduction' since this reduces the amount of batteries consumed and the volume of waste spent batteries generated over time. This is the case considering that majority of these portable rechargeable batteries can be recharged and reused as many as one thousand times (Lu and Chung, 2003) . They have better performance characteristics (such as high energy density) which are desired in many applications (Moshtev and Johnson, 2000) . NiMH and Li-ion batteries are special purpose rechargeable batteries used in computers, cell phones, video cameras, ipods and PDAs. Li-ion battery is the fastest growing battery technology today (Saito et al., 2003; Castillo et al., 2004; Lupi et al., 2005) . It has significant high energy density and twice the life cycle of a NiMH battery. Nevertheless, they can be more expensive than NiMH batteries and unsafe when improperly used or disposed (Lankey and McMicheal, 1999; Castillo et al., 2004) .
At the global level, battery manufacturers produced In Nigeria, portable nickel metal hydride batteries and Lithium ion batteries are used mainly in mobile telephones. This paper reports the result of a study aimed to characterizing waste NiMH and Li-ion rechargeable batteries used in mobile phones. The objective of this research was to assess the level of selected metals (Co, Cr, Cd, and Ni) in waste portable rechargeable batteries as pollution indicator of spent batteries. This has become necessary in the light of the phenomenal increase in the consumption of these batteries in Nigeria and the inappropriate methods used in the management of end-of-life (EoL) rechargeable batteries and other waste electronic devices. Such waste materials are routinely burned openly or disposed of into surface waters or with municipal solid waste. This study was carried out in early 2007 in Abia State University, Southeastern Nigeria.
MATERIALS AND METHODS

Sample collection
A total of eighty-five spent batteries were collected from mobile phone users, mobile phone repairers/ technicians and retailers of mobile phone accessories in Isuikwuato, Aba and Okigwe all in Southeastern Nigeria. Batteries collected were of two different battery chemistries -the NiMH and the Li-ion battery systems. The batteries were grouped according to battery system, voltage capacity, model, manufacturer and country of origin. Batteries with any form of clear physical defect were rejected. These criteria were used in selecting representative samples for analysis. In the end, thirty-one samples were selected; 22 Li-ion batteries and 9 NiMH batteries. These samples are true representatives of both the batteries being imported in large quantities into the country and the batteries at their end-of-life and currently being managed in the country. Ten different brands were studied: Bird, Motorola, Sony Erickson, Flying Horse, Samsung, SkyHawk, Sagem, Alcatel and Nokia. The batteries studied were manufactured in the United Kingdom, China, Japan, Hungary, Korea and Taiwan. Most of the batteries were produced between 2000-2006. Up to five samples were included for some brands whereas for
